ABSTRACT. Microsatellite polymorphism due to differences in CT dinucleotide repeats was demonstrated in intron 14 of the canine BRCA1 gene. Genotype analysis of 103 unrelated dogs from 30 different breeds detected the presence of five alleles, including 10 of the expected 15 genotypes. Gene frequencies were biased and all alleles with the exception of one were below 0.1. This polymorphism, which occurs at the intron of canine BRCA1 should prove to be a useful marker for detecting the loss of heterozygosity (LOH). One of the more notable findings of the present study was the detection of homozygotes of rare alleles. This finding identified an accumulation of rare alleles in specific canine breeds and demonstrated the usefulness of this characteristic for the biological study of dog evolution. KEY WORDS: BRCA1, canine, polymorphism.
Two distinct types of growth-regulating genes, namely oncogenes and tumor suppressor genes, are associated with the pathogenesis of cancer [10] . Tumor suppressor genes encode proteins that restrict cellular proliferation, and a loss of tumor suppressor gene function is thought to play an important role in malignant transformation and/or tumor progression. A loss of genes may occur in individuals heterozygous for a particular allele, and a loss of heterozygosity (LOH) in a tumor suppressor gene has been shown to be a secondary event in the dysfunctional loss of tumor suppressor genes [3, 6, 11] . LOH analysis is a very useful method for studying dysfunctional changes of tumor suppressor genes. However, a certain level of polymorphism of tumor suppressor genes is necessary for LOH analysis. BRCA1 has been identified as a tumor suppressor gene associated with familial breast cancer and ovarian carcinoma in humans. We analyzed the canine BRCA1 gene to investigate tumor pathogenesis in canine mammary tumor. In the present study, a polymorphism was identified at intron 14 of the canine BRCA1 gene and its characteristics were demonstrated for LOH analysis of the BRCA1 gene.
Peripheral blood samples were collected from 103 dogs from 30 different breeds (Table 1) . Genomic DNA was isolated from blood clots using SDS-proteinase K treatment and phenol/chloroform extraction. A primer set (Ex14:5'-AATGGAGAACCAGGAATGATAC-3', corresponding to nucleotide 4471 to 4472 and Ex15:5'-GTATCTAACAAC-CGGGACTGT-3', complimentary to nucleotide 4506 to 4526 of canine BRCA1 cDNA [12] ; GenBank Accession No. U50709)was designed to amplify intron 14 of the canine BRCA1 gene. Primer regions were determined by comparison of canine BRCA1 cDNA sequences to that of humans. Long PCR amplification was carried out in 20 µl volume using Takara LA Taq TM (Takara Shuzo Co., Japan) according to the manufacturer's recommended procedure. Reactions were denatured at 94°C for 2 min, followed by 30 cycles at 94°C for 20 sec, 68°C for 15 min and a final extension for 10 min. In this reaction, the extra protocol invoked a 15-sec automatic segment extension for the anneal/extend step in the last 15 cycles. The PCR products were separated by electrophoresis on 2% agarose gel and visualized with Taq  TM , Takara Shuzo Co., Japan) and a genomic DNA sample. Reactions were denatured at 94°C for 2 min, followed by 30 cycles at 94°C for 50 sec, 55°C for 1 min and 72°C for 1.5 min and a final extension for 10 min at 72°C. After the confirmation of PCR amplification, PCR products were digested with SspI. The CT repeated region was detectable as an approximately 100-base fragment by SspI digestion. One µl of the PCR product was digested with SspI in 2-µl of the recommended buffer at 37°C for 1 hr. After digestion, 2 µl of formamide was added to the reaction mixture. Genotype of microsatellite polymorphism was determined on 5% denaturing polyacrylamide gels using a Hitachi model SQ5500 DNA sequencer.
When PCR was carried out using a primer set, Ex14 and Ex15, for amplifying intron 14 of the canine BRCA1 gene, an approximately 2.3 kb-fragment was detected. Sequence analysis of the cloned PCR product revealed that the fragment included the corresponding intron 14 of canine BRCA1 and the expected intron between BRCA1 cDNA sequence region was predicted by the GT-AG rule (GenBank Accession No. AF250234). A microsatellite candidate sequence composed of a CT repeat was identified in the 0.5 kb-5'upstream region from exon 15 of the canine BRCA1 gene.
Genotype analysis in 103 unrelated dogs from 30 different breeds identified five different fragments (Fig. 1) . The fragments were labeled 1 (the shortest) to 5 (the longest) based on length for the purpose of analysis. The observed genotypes and corresponding frequencies of microsatellite polymorphism are shown in Table 2 . Ten of the expected 15 genotypes were detected. The most frequently occurring genotype was 2. A codominant Mendelian segregation pattern was observed in two pedigrees of beagles containing two puppies each (data not shown). The gene frequencies of microsatellite polymorphism at intron of the canine BRCA1 gene are shown in Table 3 . The gene frequencies of all alleles with the exception of allele 2 were below 0.1. Sequence analysis indicated that the polymorphism originated from differences in the number of dinucleotide repeats in the microsatellite. The sequence of each allele is shown in Table 3 . Differences in the nucleotides among alleles were from 2 to 14 bases. There was no discrepancy between the difference in the number of dinucleotide repeats and the electrophoretic patterns on sequencing gel. Alleles 4 and 5 differed from alleles 1, 2 and 3 in the presence of (GT) 2 . In the present study, alleles 4 and 5 were very rarely associated with polymorphism. Only one animal, a Basset Hound and a Collie, respectively, was homozygous for alleles 4 and 5. Although our sample group included only one Basset Hound and one Collie each, a homozygote of allele 4 or 5 is an unusual genotype (Table 1) . A homozygote of allele 3 was observed in two dogs in this study. Both dogs were a Shiba. Although 2 or 2/3 genotypes were also found in Shiba, the gene frequency of allele 3 in Shiba (gene frequency of allele 3 in Shiba is 0.417) was much higher than that in other dog breeds. The observed frequencies were not in agreement with those expected on the basis of the Hardy-Weinberg law (d.f.=10, χ 2 =61.92, P<0.01). The deviation from a HardyWeinberg equilibrium was due to the presence of homozygous genotypes of rare alleles, especially 4 and 5. The microsatellite polymorphism appeared to have occurred before separating dog breeds from original dogs. During the establishment of dog breeds, rare alleles may accumulate in specific breeds and close relative mating likely induced homozygosity of rare alleles. The rare alleles should provide important information for the biological study of dog evolution.
BRCA1 is one of a number of candidate genes for familial breast cancer susceptibility. BRCA1 cDNA sequences containing the complete coding region have been reported in humans [7] , dogs [12] , rats [2] , and mice [8, 12] . In humans, the BRCA1 gene encompasses an 81-kb genomic DNA region that includes 24 exons [9] . BRCA1 cDNA codes a protein comprised of 1863 amino acid residues. In terms of our knowledge of the canine BRCA1 gene, although the cDNA sequence has been determined, there is little information on its genomic DNA. A part of the sequence at intron 23 of the canine BRCA1 gene has been determined [GenBank Accession No. AF159258] and a single nucleotide polymorphism (SNP) (A-G) has been detected in this region [5] . The chromosome map was estimated to be 9 from physical and linkage mapping of human chromosome 17 to dog chromosome [14] . Although the relationship between genotypes associated with microsatellite polymorphism in canine BRCA1 and mammary tumor pathogenesis needs to be studied further, this polymorphism appears to be very important due to its location within the genome. Polymorphism at introns in a tumor suppressor gene should prove to be useful markers for the detection of LOH. The detection of LOH related to the BRCA1 gene was previously described in breast cancer in humans [3, 4, 11, 13] , but to date, no studies have investigated the relationship between the BRCA1 gene and tumor pathogenesis in dogs. The microsatellite in this study might be a useful tool for detecting the LOH of the canine BRCA1 gene in tumor pathogenesis.
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